Abstract A pilot study has been initiated to develop an approach for quantification of nitrogen excesses from agricultural activities that involve greenhouse farming in Kumluca Plain, Turkey. Detailed calculations utilizing the nitrogen balance method (NBM) were carried out at nine different locations within the plain over a time period of one year. The major contributing factors and governing operative mechanisms taken into consideration were nitrogen application rates both as organic and chemical fertilizers, irrigation water application practices, and nitrogen uptake by plants. The adopted approach yielded valuable information such as plant nitrogen uptake efficiencies, excess nitrogen, leaching rates and leachate nitrogen concentrations. Further, a site specific multiple linear regression model has been developed to estimate the ratio (N leachate /N groundwater ) as a function of independent variables: farming age, excess nitrogen application and SEEPAGE Index Number. The negative sign of the model parameters implies that the ratio (N leachate /N groundwater ) decreases as values of the independent variables increase. The adopted approach and the obtained results can beneficially be applied to similar sites to establish basic parameters of irrigation and fertilizer application operations.
Introduction
Fertilizer and water applications to agricultural fields cause severe groundwater pollution problems if not properly practised. Excessive fertilizer application is one of the common mal-practices of agriculture. Such practices may have serious undesirable consequences such as nitrate contamination as reported for the ground waters of several agricultural plains of the world. Two examples for such plains are Kumluca Plain of Turkey and Gaza Strip of Palestine. The authors observed that groundwater nitrogen (N) levels below Kumluca Plain were similar to the levels found in raw wastewaters (Muhammetoglu et al., 2003) . Another experience by one of the authors of this research indicated that the available N within the groundwater of Gaza Strip was above the N fertilizer demand of the area (Muhammetoglu and Van den Brink, 1997) .
Kumluca Plain, that experiences nitrate contamination in its groundwater, has been selected as a pilot region among several agricultural plains of Turkey during this research. The prime goals of the research were to develop prediction methods for quantifying nitrate contamination and to establish best management practices. Kumluca Plain is a coastal plain in the Western Mediterranean Region of Turkey and it is 93 km away from Antalya city. The plain is an economically viable area with its intensive agriculture of vegetables and citrus gardens. Groundwater is one of the main water resources for drinking and irrigation within the plain. Irrigation water from a nearby rainwater reservoir is also available in summer at some locations. Since the groundwater level is very near to the surface, almost all the farmers have their own private wells for irrigation. Preservation and improvement of groundwater quality bears importance for residents and local farmers.
Since groundwater nitrate level has become one of the prime concerns of public health authorities in the past, several approaches were developed to quantify and predict its concentration below agricultural fields. The adopted approaches include statistical models, reservoir models, analytical models, nitrogen balance methods (NBM) and transport models as reviewed by Kelly et al. (1991) . In addition to the quantification efforts, the management issues gained equal importance as described in detail by Pereira and Santos (1991) . Among the listed methods, the NBM approach was selected during this research, since it is a powerful and simple tool in identifying potential sources of nitrate pollution, and in helping to formulate appropriate remedial measures. The N sources and sinks, and the governing transformation processes of N at any site, determine the N balance for that site. The NBM approach yields results related to N excess or N deficit. The following sections first describe the sampling program, site characteristics and the details of adopted methodology. Then, the results obtained from the application of NBM approach to Kumluca Plain are presented and discussed. Finally the results related to model development efforts are summarized.
Methods
Site characteristics, and measurement and sampling program An earlier report (Muhammetoglu et al., 2003) gives detailed information about the location of Kumluca Plain, the selected monitoring stations, and sampling and measurement program. Some distinct properties of the selected nine monitoring stations are summarized in Table 1 . The locations of stations were selected in such a way that six of them represent unconfined groundwater conditions; one for confined groundwater section and two to determine the water characteristics of the irrigation reservoir. The research has been initiated in 1999; and finalized within the year 2000. The stations cover different depths to groundwater levels, different soil types and different agricultural activities.
A total of seven separate water quality sampling and measurement sessions have been realized during the study period from June 1999 till October 2000. Two different sessions of soil analysis were carried out in addition to the water quality survey. The details of the sampling, measurement and analysis techniques are given by Muhammetoglu et al. (2003) . The measurement and analyses results of the groundwater showed wide spatial variations depending on factors such as the quality of irrigation water, depth to groundwater, soil characteristics and types, age of agriculture and hydrology. Groundwater vulnerabilities to pollution have been analyzed using the Early Evaluation of Pollution (Engel et al., 2003) . The model considers various hydrological settings and physical properties of the soil that affect groundwater vulnerability to pollution. The model produces the Seepage Index Number (SIN). High SIN values imply relatively more vulnerability of the groundwater to contamination. The resulting SIN values of Kumluca Plain are listed in Table 1 , while the details are given elsewhere (Muhammetoglu et al., 2003) . A survey related to the determination of the amounts and types of fertilizer utilization, irrigation water, crop types and yields was also conducted during the study period.
NBM approach
The N cycle in any agricultural soil can be described by mechanisms and transformations as described in Figure 1 (EPD, 1995) . As a result of chemical and microbiological processes, N can be transformed into different forms. Nitrate is formed in the nitrification process when oxygen is abundant. On the other hand, nitrate is transformed into N gas by denitrification reaction, under anaerobic conditions. Aerobic conditions prevail in the unsaturated zone of the study area. N storage is expected to be marginal in the study area, since mineralization of manure is expected to be high because of the high soil temperature. Earlier field experiments in The Netherlands support this assumption (Muhammetoglu and Van den Brink, 1997) . That study has shown that even after a long term application of manure, the N storage was limited. A nitrogen balance for any station should be carried out for a specific time period and it should relate to a specific reference surface. The time period was selected as one year while the reference level for sinks and sources was the ground surface during this research. The main components in the N balance study were: i) N applications in mineral fertilizers and in organic manure, ii) N application by nitrate-rich irrigation water, and iii) N uptake by plants. The other components that contribute to the N balance such as N losses through denitrification, volatilization, N storage and atmospheric deposition were relatively insignificant for the study area and neglected to simplify the problem (Muhammetoglu et al., 2003) . A similar approach was applied by Environment Canada (2003) to assess the nitrogen residual levels in the farmland areas in many Canadian provinces.
N uptake by plants
The adopted N uptakes of the crops of the study area are given in Table 2 (Memento fer- tilization, 1982) . The yearly crop yields per 1,000 m 2 for the study area were estimated using the information provided by the farmers. Table 3 gives the yearly yield values of the crops and the calculated average N uptakes by plants in Kumluca Plain. Table 4 .
Organic fertilizers
All the farmers in the study area apply nearly the same yearly amounts of organic fertilizers. The used organic fertilizers are composed of cattle (80%) and poultry (20%) manures. The dry content of this composition is approximately 50%, while the N content on dry matter basis is approximately 1% for cattle and 3% for poultry manure (EPD, 1995) . Table 5 gives the yearly average organic fertilizers application rates as applicable for all the stations.
Irrigation practices and N application rates in irrigation water
Drip irrigation is used for all the crops except for citrus. Citrus is irrigated by rainwater in the wet season while flood irrigation is used in the dry season. The average irrigation water application rates for the main crops, as applicable for all the stations, are given in Table 6 . Rainwater is assumed to contain negligible amounts of N. The N concentrations of irrigation water were monitored throughout the study as listed in Table 1 . The applied average irrigation water quantity for any station was calculated by considering the types of crops planted at that station, quantity of irrigation water for each crop and the crop areal weight. The average N application rate due to irrigation at any specific station was calculated by multiplying the average irrigation water application rates by its N concentration. Table 7 shows the yearly average irrigation water application quantities, N concentrations and N application rates due to irrigation.
Results and discussion
The N balance calculations for all the stations in the study area were performed considering sources and sinks. The sources include N in chemical and organic fertilizers and Table 5 The yearly average organic fertilizers application rates in the study area irrigation water. The only considered sink is plant uptake. The difference between N sources and sink gives the N-excess. N-uptake efficiency is defined as the ratio of N-uptake by plant to total N sources. The results obtained from the NBM calculations for all the stations in the study area are given in Table 8 .
Potential N concentrations in leachate
The potential N concentrations in the leachate were calculated by assuming that the complete N excesses are dissolved in leachate water. However, it is also known that a part of the excess N may be stored in the soil or lost by other processes. Thus, the calculated leachate N concentrations were the maximum possible or potential concentrations. The intensities and schedule of irrigation water application in the study area were not well adjusted to plant requirement. The magnitudes of the unintentional leachate coefficient were accepted as 0.25 for the clayey soils and 0.5 for sandy soils for similar conditions (EPD, 1995) . Leachate coefficients for the study area were assumed to vary between 0.25 and 0.5, depending on the soil textures examined during the study period. 50% of rainwater was assumed to leach to the groundwater. The yearly average rainwater in the study area is about 1,000 mm. Table 9 gives the calculated total leachate quantities that include leachates from irrigation and from rainwater.
Concentrations of N in the leachate were calculated by dividing N-excesses by total leachate volumes. Table 10 presents the maximum N concentrations in leachate, and the ratio of maximum N concentration in leachate to N concentration in groundwater (N leachate /N groundwater ).
The maximum N concentrations of leachates exceeded the measured N concentrations in groundwater by a factor ranging from 2.0 to 8.27 as it can be seen from Table 10 . This The difference between the calculated N concentrations in leachates and the measured N concentrations in groundwater was due to many factors such as i) a portion of the organic N applied as manure was stored as organic matter in the soil, ii) a portion of the applied N was transformed (denitrified or volatilized) into N gases, iii) there was a time delay between N application to the soil surface and a concentration increase in the groundwater, iv) groundwater in the agricultural study area was probably diluted with inflows of less N groundwater coming from adjacent locations which have no agricultural activities.
Multiple linear regression model
In general, high agricultural age, high N excess and the groundwater vulnerability to pollution as presented by SIN leads to increase in the groundwater pollution with N and to decreased (N leachate /N groundwater ). The factors affecting the groundwater N pollution have been investigated quantitatively by developing a multiple linear regression model, as given below. The general form:
where, Y ¼ (N leachate /N groundwater ) ratio, b 0 , b 1 , b 2 , and b 3 ¼ model parameters, X 1 ¼ agricultural age (year), X 2 ¼ SEEPAGE index number (SIN), and X 3 ¼ N excess (kg/1,000 m 2 /year). The parameters of the model were estimated utilizing the values of independent variables: agricultural ages and SEEPAGE Index numbers from Table 1 and N-excesses from 
The negative sign of the model parameters implies that the ratio (N leachate /N groundwater ) decreases as values of the independent variables (agricultural age, SIN, N excess) increase.
Conclusions
At the end of this specific application we have reached the conclusion that NBM approach is a very practical, simple and useful tool in assessing the variables of groundwater pollution problems below agricultural areas. NBM approach yields quantitative information related leachates such as their volumes and N concentrations, N-excess values. We also conclude that the results of NBM applications for any field can be coupled with other information such as agricultural age and SIN values to develop sitespecific empirical multiple linear regression models. These models can beneficially be utilized in tracking the foot-prints of earlier applications and to make managerial decisions to minimize the groundwater pollution for the site it was developed for.
